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Abstract 
The paper of Little et al. (PloS Comput Biol 2009 5(10) e1000539) outlined a system of reaction-
diffusion equations that were used to describe induction of atherosclerotic disease. These were 
solved by considering an equilibrium solution and small perturbations around this equilibrium. Here 
we consider slight variant sets of assumptions that could be used to derive equilibrium solutions. 
Although these result in equilibrium intimal bound lipid and macrophage concentrations being non-
zero (unlike the earlier paper), in general they do not imply any change in the numerical results 
relating to monocyte chemo-attractant protein-1 (MCP-1) presented in that paper. 
 1 
Equation (7) in Little et al. (2009) indicates that: 
0[ ( ) ] ( / ) ( / ) [( / )M in M MC C M ML d M M D Mt
]η ηχ ρ η η η η∂ +∇⋅ ∇ = − +∇⋅ ∇∂    (1) 
where C  is the chemo-attractant (monocyte chemo-attractant protein 1 (MCP-1)) concentration, M  
is the macrophage concentration and η  is the bound lipid concentration. ( )M Cχ  is the chemotactic 
factor (assumed constant) associated with macrophages; the mechanism for chemotaxis is similar to 
that of Keller and Segel (1971a, b). MD  is the rate of diffusion of the macrophages. In equilibrium 
let , ,eq eq eqM Cη , etc. be the values of the various quantities, and let , ,M CηΔ Δ Δ
eqC C
 be the differences 
from these equilibrium values after perturbation – so that, for example, CΔ= + , and similarly 
for the other species. As in Little et al. (2009) we must have that in equilibrium:  
1,CE eq CM eq CT eq CM eq eq CT eq eq Cm eq eqE M T d M C d T C d m Cρ ρ ρ+ + = + +      (2) 
0PT eqTρ =               (3) 
eq eq M eq eqm P m Pμ ρ=             (4) 
( / )M eq eq M eq eq eqm P d M Mρ η=           (5) 
0( / ) ( / )in eq eq eq M eq eq eqM M L d Mρ η η η=          (6) 
0T eqd T =               (7) 
( / )[ ] 0M eq eq eq MM eq T TT eqd M d M d d Tη η + + =         (8) 
All variable and parameter definitions are as in Little et al. (2009). Assuming 0PTρ ≠  then by (3): 
0eqT =               (9) 
If Mμ ρ≠   then by (4): 
0eqP =  or             (10) 0eqm =
If  ( / ) 0M eq eqd Mη ≠  and Mμ ρ≠  then by (4) and (5): 
0eqM =               (11) 
If ( / ) 0M eq eqd Mη ≠  and Mμ ρ=  (so that eqM  is not necessarily 0) by (6) we have that: 
0/ ( / ) / ( /eq eq in eq eq M eq eqM M L d )Mη ρ η η=         (12) 
Under the assumption that  equation (12) can be iteratively solved (using the parameter 
values of Little et al. (2009)) to yield: 
0eqM ≠
17 1/ 4.63 x 10 M celleq eqMη − −=           (13) 
and at this value the functions ( / ), ( / )in eq eq M eq eqM d Mρ η η  can be evaluated (using the parameter 
values of Little et al. (2009)) to give: 
( )10 1 1, ,0( / ) 5.34 x 10  cell  ml s  in eq in eq eq inMρ ρ η ρ− − −= = ≈       (14) 
3 1
, ( / ) 3.55 x 10  s  M eq M eq eqd d Mη − −= =          (15) 
If we perform the obvious linearisations in equation (1), and make use of the parametric forms for 
the macrophage bound-lipid ingestion rate: 
( ) , ,0 , 3/ [ ]exp[ / ]in in high in in highM R Mρ η ρ ρ ρ η= + − −        (16) 
and the macrophage mortality rate: 
( ) ,0 2/M Md M d Rη = + / Mη            (17) 
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If we neglect second and higher order terms in , ,M CηΔ Δ Δ : 
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[Parenthetically, we notice that in the limit assumed by Little et al. (2009), of ,lim 0n eq nη→∞ = , 
, ,lim 0n eq nM→∞ = , ,lim / 0n eq n eq nMη→∞ = , with each set of n , , , ,( , , ,n n eq n eq nM M )η ηΔ Δ  satisfying: 
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then by the Arzelà-Ascoli theorem (Kelley 1975, chapter 7), and by considering a subsequence if 
necessary, ,limn nη ηΔ →∞≡ Δ n and ,limnM MΔ →∞≡ Δ  exist and satisfy expression (19) in which we 
replace eqη , eqM  and /eq eqMη  by 0 (in particular , ,,M eq in eqd ρ  by (0), (0)M ind ρ ).  
Therefore, in this limit expression (19) reduces to: 
0 0 ,(0) [ (0) ]in M in highM L d L Rt 3
η ρ ρΔ Δ∂ ≈ − −∂ ηΔ
3R
        (20) 
For the values of the parameters 0 ,(0), , ,M in highd L ρ  given in Little et al. (2009) we have that 
 whereas . Therefore, to a good 
approximation (20) reduces to: 
7 1(0) 9.3 x 10 sMd
− −= 17 1s (0)Md− − <<0 , 3 1.7 x 10in highL Rρ =
0(0) (0)in MM L dt
η ρ ηΔ Δ∂ ≈ −∂ Δ           (21) 
in other words, equation (37) of Little et al. (2009).] 
Integrating over the intima, and using Green’s first identity and the fact that macrophage and 
chemo-attractant flux over the boundary is generally zero: 
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This has the same functional form as equation (46) of Little et al. (2009) although the constants are 
slightly different. As can be seen from the form of equations (42)-(48) of Little et al. (2009) this 
change makes no difference to the numerical estimates of averaged MCP-1 etc. given in the paper. 
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